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(57) Abstract 

Certain proteins (1A, IB, 3A, 3B, 3C, 4A, 4B) 
are present in spots on 2D-PAGE run on protein 
extracted from epithelial colorectal tumour tissue from 
patients suffering from colorectal cancer, but are 
present at a lower intensity or absent in 2D-PAGE 
run on corresponding normal tissue. These proteins 
and antibodies thereto are useful in the diagnosis of 
colorectal cancer. 
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DIAGNOSIS OF COLORECTAL CANCER AND PROTEINS AND ANTIBO- 
DIES FOR USE THEREIN 

Background of the invention 
L Field of the invention 
5 This invention relates to the diagnosis of colorec- 

tal cancer and proteins and antibodies for use therein . 
2. Description of the related art 

There is a need for improved methods of diagnosis 
of colorectal cancer, particularly to determine whether 

10 there is any residual disease after surgery or therapy 
has taken place. This is particularly necessary to 
detect metastases. The present invention relates parti- 
cularly to epithelial tumours and other abnormalities of 
colorectal epithelial cells. The term "colorectal" as 

15 used herein refers to the colon or rectum. The term 
"diagnosis" as used herein includes the obtaining of any 
kind of information relating to the existence of or 
condition of a tumour or other abnormality, and includes 
prognosis. 

20 In clinical practice, the TNM (tumour node metasta- 

sis) staging system, "TNM classification of malignant 
tumours", UICC, Springer, Berlin (1992), still offers 
the best prognostic information in the case of epithe- 
lial tumours, because it describes the extent of tumour 

25 involvement at the time of diagnosis. Nevertheless, 
this system has serious limitations, since some patients 
with early tumour stages develop metastases after cura- 
tive surgery, even if the tumour does not reappear 
locally. Other patients with advanced stages of cancer 

30 remain disease- free after the surgery. New diagnostic 
markers for these tumours are clearly needed. 

Particularly in colorectal cancer, there are very 
few diagnostic markers. In principle, further markers 
might become available if the genotype or phenotype of 

35 the tumour cells could be compared with normal cells. 
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However, the interpretation of comparative studies on 
colorectal cancer has so far proved disappointing, 
because of inter-sample variations and methodological 
problems. For example, comparison of protein finger- 
5 prints obtained from tumour cell lines with those ob- 
tained from human colonic crypts proved to have no 
clinical implications, see Ji et al., Electrophoresis 
15, 391-405 (1994). Another problem is the physiologic- 
ally high content of proteases in the intestinal mucosa. 

10 Summary of the invention 

Two dimensional gel electrophoretic maps have been 
produced from the epithelial cells of normal and color- 
ectal tumour-bearing patients and compared. This has 
resulted in the finding that the two protein spots 1A, 

15 IB are over-produced in colorectal tumour cells. These 
spots are shown in Fig. 2 of the drawings. It is useful 
to define these spots in these terms, as pi and molecu- 
lar weights in gel electrophoresis are not absolutely 
determinable. They can vary according to the method of 

20 gel preparation and the presence or absence of other 
spots. Rather, it is better to view the position of the 
spots on the map relative to the other spots, in much 
the same way as stars are identified in the night sky. 

The spots 1A, IB are also shown in Fig. 3 of the 

25 drawings, from which it can be seen that three spots 3A, 
3B, 3C are also over-expressed in the tumor tissue. 
These lie just to the right-hand end (increased pi), of 
the catalase spots present in normal colorectal epithe- 
lial cell tissue (see Fig. 1). 

30 The spots 4A, 4B are shown in Fig. 2. 4A is a 

double spot which is not present in normal tissue, while 
4B is a spot over-expressed in tumor tissue. 

The spots 1A, IB, 3A, 3B, 3C, 4A and 4B are herein 
referred to as "markers 1 * and the proteins thereof as 

35 "marker proteins". Individually or in any combination 
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of two or more, they serve as markers of colorectal 
cancer. Preferably 1A and IB are used together as 
markers. 

Figure 2 also shows two spots 2A, 2B, which are 
5 less suitable as markers by themselves, but could be 
used in combination with one or more of the other spots 
1A, IB, 3A, 3B, 3C, 4A or 4B. 

The spots are defined by reference to a 2D-PAGE 
carried out on a protein extract of the sample by a 

10 method comprising 

(1) centrifuging 1000 microlitres of the protein 
extract at 10 , 000 x G at room temperature for 5 minutes 
to form a pellet, dissolving the pellet in 300 micro- 
litres of a solution containing 8M urea, 40% CHAPS, 40 

15 mM Tris, 65 mM dithioerythritol and a trace of bromophe- 
nol blue and loading the resulting sample solution onto 
3 mm wide x 180 mm long strips of immobilised pH gra- 
dient (IPG) polyacrylamide gel having a non-linear, 
sigmoidal (S-shaped) pH gradient; 

20 (2) rehydrating the gel overnight with 25 ml of an 
aqueous solution of 8M urea, 2% w/v CHAPS, 10 mM di- 
thioerythritol and 2% v/v buffers of pH 3.5 to 10 and a 
trace of bromophenol blue; 

(3) loading the sample, solution onto the IPG gel strips 
25 for first dimension electrophoresis and running the 

electrophoresis at a voltage which is increased linearly 
from 300 to 3500 V during 3 hours, then for 3 additional 
hours at 3500 V, and finally for 17 hours at 5000 V; 

(4) treating the IPG gel strips with 100 ml of an 
30 aqueous solution containing 50 mM Tris-HCl, pH 6.8, 6M 

urea, 30% w/v glycerol, 2% w/v SDS, 2.5% v/v iodoaceta- 
mide and a trace of bromophenol blue for 5 minutes, to 
resolubilize the proteins and reduce any -S-S- bonds; 

(5) preparing a polyacrylamide gradient slab gel 160 x 
35 200 x 1.5 mm from an aqueous solution containing 9 to 



WO 98/42736 PCT/GB98/00878 

- 4 - 

16% acrylamide monomer, 2.6% diacryloylpiperazine 
cross-linking agent, 5mM sodium thiosulfate, 0.05% 
tetramethylethylenediamine, 0.1% ammonium persulfate and 
0.375M Tris-HCl buffer, pH 8.8, all percentages being 
5 w/v, over layering with sec-butanol for two hours, repla- 
cing the sec-butanol with water and standing for 15 
hours, overlayering the slab gel with an aqueous solu- 
tion containing 0.5% agarose, Tris-glycine-SDS at pH 
8.3, at 25 mM Tris, 198 mM glycine and 0.1% SDS, heated 
10 to 70 °C and loading the IPG gel strips thereon for 
second dimension electrophoresis; 

(6) running the second dimension electrophoresis at a 
constant 40 mA/gel and at 10 °C for 5 hours; and 

(7) silver staining the gels and scanning them with a 
15 laser densitometer, to give a computer-generated image 

of the stained gel. 

Spots 3A, 3B and 3C can be defined without refer- 
ence to the method of gel preparation as they are very 
easily identified by their proximity at higher pi, but 

20 similar molecular weight, to the catalase spots appear- 
ing on a gel from normal cells. 

The invention includes the use of a protein indica- 
ted on a two dimensional electrophoretic gel by 1A, IB, 
3A, 3B or 3C in the drawings or an antibody thereto and 

25 in the diagnosis of tumours. In particular, it includes 
a method which comprises removing a sample of tissue 
from the location of a suspected solid epithelial cell 
tumour, and detecting in the tumour tissue a greater 
than normal concentration of the protein defined above. 

30 Brief description of the drawings 

Fig. 1 is a 2D-gel map of proteins present in 
normal colorectal epithelial cells of a cell preparation 
(purified as described below); 

Fig. 2 is a 2D-gel map of proteins present in 

35 tumorous colorectal epithelial cells of a cell prepara- 
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tion (purified as described below). The map shows spots 
1A, IB; 3A, 3B, 3C; 4A and 4B. 

Fig. 3 Is an enlargement of a 2D-gel map similar 
to that of Fig. 2, showing the spots 1A and IB and the 

* 

5 spots 3A, 3B, 3C. 

Fig. 4 is a box plot showing comparative results 
for 39 patients for spots 1A and IB. The intensity of 
the 2D-PAGE spots is compared by plotting a parameter 
representing relative intensity on the y-axis and repre- 

10 senting as a line the intensity values into which 5 to 
95% of the samples fell and by a box the intensity 
values into which 25 to 75% of the samples fell. The 
line drawn horizontally through the box is the median. 
Spots from cancerous and normal colorectal epithelial 

15 tissue from the same patient were compared. 

Fig. 5 is a box plot similar to that of Fig. 4, but 
relating to results for 6 patients for spots 3A, 3B and 
3C. The open polygon and asterisk symbols relate to 
specific patient samples which did not fall within the 

20 main plots. 

Description of the preferred embodiments 

In the invention , a sample of tissue is removed 
from the patient by biopsy and the epithelial cells are 
purified to remove other cells and other tissue to the 

25 greatest extent conventionally possible. Preferably the 
epithelial cells are separated from the surrounding 
tissue, so that the sample contains at least 90 percent 
epithelial cells by volume of total tissue of the sample 
( as determined by fluorescence-activated cell sorting 

30 using anti-cytokeratin antibodies, after membrane per- 
meabilization of the cells). This purification of the 
epithelial cells preferably comprises two steps. in the 
first step, most of the stroma is separated from the 
epithelial cells by sizing. That is, the sample can be 

35 passed through a 300 micrometre filter, which allows the 
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epithelial cells to be passed through the mesh, while 
stroma and larger cells are retained. The epithelial 
cells are then preferably further separated by filtering 
them on a filter of smaller size such as 150 to 250, 
5 preferably 200, micrometres, effective to enable single 
cells or small clusters of cells to be collected in the 
suspension passing through the filter. 

The most preferred second step of the procedure 
comprises reacting the tissue with a monoclonal antibody 

10 specific for epithelial cells, collecting the reacted 
epithelial cells, and subsequently releasing them from 
the antibody. The monoclonal antibody can be any which 
reacts with an appropriate epithelial cell surface 
protein, especially a receptor. A particularly pre- 

15 f erred such antibody is Ber-EP4, as described by U. 
Latza, J. Clin. Pathol. 43, 213 (1990). This antibody 
is available in the form of magnetic beads ( "Dynabeads" ) 
coated with it. Since the magnetic beads can be read- 
ily separated magnetically, in the usual way in assay 

20 technology, the epithelial cells can be collected magne- 
tically and then washed from the beads. 

Another way of separating the cells would be by a 
non-magnetic heterogeneous method using the same or 
another ligand such as a monospecific antibody or a 

25 peptide which binds strongly to an epithelial cell 
receptor. The ligand is bound to a solid phase, which 
is subsequently washed to remove the epithelial cells 
which have become bound thereto. 

The preparation of epithelial cells is then used to 

30 determine a phenotypic difference between normal and 
abnormal cells. 

The markers may be detectable as proteins by any of 
the conventional means, including two dimensional gel- 
electrophoresis, western blotting with an antibody 

35 against the protein, a combination of western blotting 
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with one dimensional gel-electrophoresis, immunoassay 
( especially enzyme- linked , enhanced chemiluminescent 

T 

assay) . 

A method of assay for presence or amount of the 
5 marker in a sample from a patient preferably comprises 
(consists of or includes) a gel electrophoretic method 
or immunological method or some combination of the two. 
Conveniently / the method of testing is wholly or predo- 
minantly immunological , i.e. typically it involves 

10 interaction between the protein of the invention and an 
antibody thereto or between an antibody of the invention 
and another antibody. Immunological methods preferably 
comprise Enzyme-Linked immuno-Sorbent Assay (ELISA) or 
western blotting (also referred to as immunoblotting ) . 

15 They can be carried out either directly on the purified 
sample (after centrifuging to remove cell wall material 
etc. ) or after making a protein extract. 

For immunological assay, antibody is required. To 
obtain antibody, it is first necessary to purify and 

20 identify at least one protein of the marker spots or a 
protein sufficiently immunologically similar thereto as 
to have the same specific epitope. The protein may be 
purified by standard methods. Thus, the spot is ex- 
cised from the 2D-gel (or electroeluted into solution or 

25 electro-transferred to a membrane and excised from the 
membrane) and, de-stained by a known method. 

The purified protein can then be sequenced by any 
of the well-known methods, including N-terminal sequen- 
cing by Edman degradation (or, if the N- terminus of the 

30 protein is blocked, applied to a fragment cleaved by 
CNBr or by digestion with a peptidase). Mass spectro- 
metry may also be used for sequence determination, 
especially the method of M. Wilm et al., Nature 379, 
466-469 (1996), the disclosure of which is herein incor- 

35 porated by reference. After the protein has been se- 
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quenced, it can be checked in sequence databases for 
similarity to other known proteins. If the protein is 
already known or very similar to one which is already 
known, an antibody will probably be commercially avail- 
5 able. Otherwise, an antibody will have to be raised for 
the purposes of an immunological method of assay of the 
marker protein. 

The purified protein can be used directly to raise 
antibodies or a synthetic protein or peptide thereof 

10 could be made by recombinant DNA means, using a pool of 
labelled degenerate oligos as a probe or primer. 

With knowledge of the full amino acid sequence of 
the protein, various peptides thereof or even the full 
length of protein can be synthesised by the usual me- 

15 thods of peptide synthesis. Peptides thereof can be 
tested for reaction with the said polyclonal antibodies 
raised against the full length protein. These peptides 
which give a reaction can then be synthesised and used 
in place of the full length protein to raise antibodies 

20 or in competition or displacement assays for the protein 
present in the sample. 

The term "antibody", as used herein, includes 
polyclonal, monoclonal antibodies, fragments of antibo- 
dies such as Fab and genetically engineered antibodies. 

25 The antibodies may be chimeric or of a single species. 

Although the antibodies raised initially may be 
polyclonal, monoclonal antibodies can be prepared using 
the well known KOhler-Milstein method. Conveniently, the 
ascites fluid from mouse-mouse hybridomas is used and 

30 screened against the protein purified from spots cut 
from a preparative gel. 

Antibodies may also be raised by expressing the 
immunoglobulin gene on the surface of a bacteriophage 
and screening the resultant clones against the specific 

35 antigen, i.e. the marker protein of the present inven- 
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tion. See, e.g., S.L. Morrison in "Molecular Biology 
and Biotechnology" ed. Robert A Meyers, VCH Publishers 
Inc. 1995, at page 37, the disclosure of which is herein 
incorporated by reference. 

Protocols for western blotting are well known. 
After transfer of the protein from the elect irophore tic 
gel, which may be a ID-gel or a 2D-gel, to a suitable 
membrane, preferably of nitrocellulose or polvinylidene 
difluoride, the membrane is blocked to prevent non- 
specific adsorption of immunological reagents. Typical 
blocking solutions are of skimmed milk powder or bovine 
serum albumin. After blocking, the protein can be 
detected directly or indirectly. Direct detection uses 
labelled primary antibodies, while in indirect detection 
a second antibody is raised against the first and the 
second antibody is labelled. The antibodies are usually 
labelled with an enzyme such as peroxidase or alkaline 
phosphatase or with a ligand which has a high affinity 
for a co- ligand, such as biotin, which has a high affin- 
ity for streptavidin and avidin. The protein is then 
detected by adding an enzyme substrate, conveniently a 
color-forming one, to read out the enzyme label or an 
enzyme-labelled co-llgand plus a substrate for the 
enzyme if a high affinity ligand type of label was used. 

An alternative method of quantifying or detecting 
the presence of the protein is the use of immunoassays, 
preferably ELISAs, which may be performed on the epithe- 
lial cell sample or on protein, isolated or partly 
isolated by ID or 2D-gel electrophoresis, transferred to 
a membrane by blotting. Types of immunoassay useful in 
this invention include antibody capture assays, antigen 
capture assays (also called competition or displacement 
assays) and the two antibody sandwich immunoassay. All 
the immunoassays require labelled marker protein, anti- 
bodies or secondary reagents for detection or quantita- 
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tion. The labels described above for western blotting 
may be used. The label may be "read out" or detected by 
any conventional method, e.g. in an ELISA by using 
color- forming, fluorescent or chemiluminescent means. 
5 Enhanced chemiluminescent assays are particularly pre- 
ferred and several commercial kits for such assays are 
known in connection with peroxidase and alkaline phos- 
phatase enzyme labels. 

Test kits appropriate to the above and other forms 
10 of assay will be apparent to those skilled in the art. 
Preferred such kits are those for an antibody capture 
assay and comprise a first an antibody to a protein 
marker and a labelled second antibody thereto, provided 
either separately or in the form of a linked double 
15 antibody. The test kits may optionally include any of a 
variety of supports or solid phases, especially plastic 
tubes and microtiter plates. Procedures for assisting 
the binding of antigens or antibodies to such supports 
are well known. 

20 Although heterogeneous assays are cheap and well 

understood in the art, homogeneous assays may also be 
used in this invention. 

Immuno-PCR may be used as a method of amplifying 
the signal of an immunoassay described above. In this 

25 technique the antibody is covalently linked to a piece 

■ 

of arbitrary DNA comprising PCR primers, whereby the DNA 
with antibody attached is amplified by the PCR. See 
Hendrickson et al., Nucl. Acids Res. 23, 522-529 (1995), 
the disclosure of which is herein incorporated by refer- 
30 ence. 

It is, of course possible, to assay the marker 
protein by a method which comprises at least one dimen- 
sion of gel electrophoresis. The gel electrophoresis 
protocols are not to be regarded as limited to those 
35 described herein. They may be varied considerably. The 
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sample is first disrupted, e.g. with a high molar con- 
centration of urea, detergents and dithiothreitol or 
dithioerythritol to break -S-S- bonds. The first dimen- 
sion gel is then run in an ampholyte mixture which 

# ■ 

5 establishes a pH gradient across the gel, so that the 
proteins migrate to their isoelectric point, i.e. to a 
point at which the pH of the gel within the pH gradient 
established by the ampholytes is equal to the charge on 
the protein. At this stage, there may be sufficient 

10 resolution of the marker spots from others to provide an 
adequate test for the tissue abnormality. If not, a 
western blot or immunoassay, using antibody to the 
protein of the invention, may be performed. Alternat- 
ively, the second dimension electrophoresis may then be 

15 performed. Here the first dimension gel is loaded, 
transversely to the direction of current, onto a second 
gel. This is normally an SDS-PAGE gel, the principle 
being that charges on the protein are swamped by the 
effect of the SDS, so that the gel separates the pro- 

20 teins according to molecular weight. This is aided by a 
higher acrylamide concentration. 

The following Example illustrates the invention. 
Example 

Materials and Methods 

25 Isolation of human colonic crypts 

Immediately after human bowel resection surgery for 
various medical reasons, the surgical specimen was 
stored on ice. After washing with iced phosphate buf- 
fered saline (PBS) solution, a fragment of mucosa (5 x 

30 5cm) was dissected from a healthy portion of tissue, as 
far removed as possible from the site of disease. The 
mucosa was then immersed in an ice-cold PBS solution 
containing EDTA 3mM and a freshly prepared cocktail of 
proteases inhibitors (leupeptine 50 micrograms/ml, PMSF 

35 0.2 mM and benzamidine 0.8 mM). Crypts were scraped 
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away from the basal membrane with a scalpel, and then 
gently pressed through a steel mesh having a pore size 
of 300 micrometres to separate epithelial cells from 
stroma. The cell suspension obtained in this way was 
5 then filtered through a nylon mesh having a pore size of 
200 micrometres. This permitted the isolation of sin- 
gle, or small clusters or epithelial and other cells 
(lymphocytes, macrophages, etc). The stroma (connective 
tissue) was not altered by this mechanical procedure and 

10 could theoretically be used for further analysis. 
Isolation of epithelial cells 

After washing and centrifuging the cells at 350 x g 
for 10 min at 4°C, they were resuspended in the above 
mentioned solution at a concentration of 2 x 10 7 

15 cells/ml. This suspension was then incubated at 4°C for 
30 minutes with anti-Epithelial Cell "Dynabeads" coated 
with Ber-EP4 antibodies in accordance with the instruc- 
tions of the manufacturer (Deutsche Dynal GmbH, Hamburg, 
Germany). The cells were then collected with a magnetic 

20 particle concentrator (MPC-1, Deutsche Dynal GmbH, 
Hamburg, Germany) and washed five times. A cell count 
and viability check were performed using trypan blue and 
showed over 90% viable cells. This first part of the 
procedure required no more than 90 minutes. 

25 Control 

The nature of the cell samples was assessed after 
labelling the prieparation products with fluorescein- 
conjugated anti-cytokeratin antibodies (CAM 5.2, Perkin- 
Elmer, Norwalk, Connecticut, USA) for 45 min/ in accor- 

30 dance with the instructions of the manufacturer. The 
samples were then sorted qualitatively with a Fluores- 
cence-Activated Cell Sorter (Epics, Coulter -Immuno tech, 
Hamburg, Germany). It was thus estimated that the 
sample contained at least 90% epithelial cells by volume 

35 of total tissue of the sample at that stage. 
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Denaturat ion 

After centrifugation, the pellets were denaturated 
with urea 8M, CHAPS (4% w/v), Tris (40mM) and DTE (65 
mM) in accordance with SWISS- 2DPAGE protocols, Sanchez 
5 et al., Electrophoreses 26, 1131-1151 (1995), and 
stored at -20°C. 
Analytical 2-D PAGE 

Total protein in each sample was assayed as de- 
scribed by the well known Bradford method. 100 micro- 

10 grams of normal human colonic epithelial cell protein 
samples were separated by 2-D PAGE. A commercial sig- 
moidal immobilized pH gradient ( IPG ) ranging from pH 3.5 
to 10.0 (18cm) was used for the first dimension. After 
equilibration, the IPG gel strips were transferred onto 

15 vertical gradient slab gels (9-16% acrylamide) for the 
second dimension, and run with the Laemmli-SDS- 
discontinuous system. The crosslinker used was pipera- 
zine diacrylyl (PDA 2.6%), and the adjunct catalyst 
sodium thiosulfate (5mM). A full description of the 

20 method is given in the Summary of the Invention above. 
Preparative 2-D PAGE 

Three mg of normal protein samples were separated 
by 2-D PAGE and electro-transferred onto PVDF membranes. 
A commercial immobilized pH gradient (IPG) ranging from 

25 pH 3,5 to 10.0 was used for first dimensional separa- 
tion. In-gel sample rehydration was used, which enabled 
a higher sample loading, increased resolution and short- 
er running time. After equilibration, the IPG gel 
strips were transferred onto vertical gradient slab gels 

30 (9-16% acrylamide) for the second dimension. Electro- 
blotting onto PVDF membranes was then effected using a 
home-made semi-dry apparatus with 10% methanol and 10 mM 
CAPS as buffer (pH 11) at 200 V for 2 h. The membranes 
were stained with amido black. 

35 Identification of proteins 
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Gel matching 

After the laser densitometer scanning , 2-D PAGE 
image analysis was carried out using the ME LAN IE II 
software package (Bio-Rad, CA). Protein spots were 

5 detected and quantified automatically. The optical 
density, area and volume were computed and directly 
related to protein concentration. The relative optical 
density and relative volume were also calculated to 
correct for differences in gel loading and staining. The 

10 experimental pi and MW of the spots, as well as protein 
identification, were deduced by the MELANIE II image 
analysis software (Bio-Rad, Hercules, California, USA) 
from the liver SWISS- 2DPAGE reference map, Sanchez et 
al. (1995) referred to above. 

15 Microsequencing 

PVDF membranes were stained with Amido Black, 
destained with water, and dried. The spots of interest 
were excised, dried under nitrogen, and kept in Eppen- 
dorf tubes at -20°C until microsequencing was performed. 

20 Ten to fifteen Edman degradation cycles were performed 
for each spot and the SWISS-PROT database, see Bairoch 
et al., Nucleic Acids Res. 22, 3578-3580 (1994) was 
searched to establish the identity of already known 
proteins. 

25 Immunoblotting 

After electrophoretic transfer onto PVDF membranes, 
the latter were blocked with 10 mM Tris-HCl (pH 7.0), 
500 mM NaCl, 0.05% Tween-20 and 0.5% non-fat dry milk 
prior to incubation with the primary antibodies. Horse- 

30 radish peroxidase-conjugated goat anti-rabbit and anti- 
mouse antibodies were used at a 1/1000 dilution as 
secondary antibodies. Blots were developed using en- 
hanced chemiluminescence and X-ray film as described by 
Boehringer Mannheim. A monoclonal antibody anti-TCTP was 

35 used as an internal marker for control and comparison 
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with reference maps. 
(5) Results 

(a) Gel Preparation 

The above-described size-separation and magnetic 
5 separation using "Ber-EP4 M coated "Dynabeads" permitted 
enrichment of the samples to over 95% epithelial cells. 
This pure state was assessed by a second consecutive 
staining using f luorescein-conjugated anti-cytokeratin 
antibodies followed by Fluorescence Activated Cell 

10 Sorting. A quality control using scanning electron 
microscopy showed no degradation of the cell surfaces. 
Contamination by blood, as assessed by serum albumin, 
was low after washing and enrichment. Comparison of 
samples before and after separation with the "Dynabeads" 

15 showed an improvement in contrast and disappearance of 
degradation patterns. A mean number of 900-1200 
spots/gel was obtained using silver staining. 

(b) Normal Colonic Epithelium 

Using the above methods, a 2D-PAGE map was made 
20 from protein extracted from normal colorectal epithelial 
cells. 40 proteins were identified and marked on a map, 
shown in Figure 1. This map was published during the 
priority year in Reymond et al, Electrophoresis 18, 
2842-2848 (1997), which also lists the apparent pi and 
25 molecular weight of the spots. Only those with high pi 
and/or molecular weight are relevant to the present 
invention. These are shown in the Table below: 

30 



35 
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Table (Key to Figure 1) 





Short 
Name 


Protein Description 


Apparent 
pi 

■ 


Apparent 
Mol . wt . 
(kD) 


5 


EGFR 


Epidermal growth factor 
receptor 


5.75 


141,900 




GRP75 


Mitochondrial stress-70 
protein precursor 


5.40 


73,173 




GRP75 


Mitochondrial stress-70 
protein precursor 


5.32 


73 , 173 




CAT 


Catalase 


6.50 


57,735 


• 


CAT 


Catalase 


6.74 


57,735 


15 


CAT 


Catalase 


7.07 


57,615 


GLUD1 


Glutamate dehydrogenase 1 
precursor 


7.26 


52,813 


- 


GLUD1 


Glutamate dehydrogenase 1 
precursor 


6.50 


52,813 


20 

mm 


GLUD1 


Glutamate dehydrogenase 1 
precursor 


6.91 


52,703 




PMS2 


DNA mismatch repair protein 


6.39 


51,925 




PAI-1 


Plasminogen activator 
inhibitor- 1 


6.50 


46,534 


25 


SOD-2 


Superoxide dismutase (Mn) 


7.36 


21,182 




SOD- 2 


Superoxide dismutase (Mn) 


7.78 


21,182 



(c) Colorectal Tumour Epithelium 

This work was repeated using fragments about 1cm 3 
from a colorectal tumour, cut into small pieces, in 
place of the mucosal crypts • 2D gel maps such as shown 
in Figure 2 were obtained. Referring to Figures 2 and 
3, spots 1A and IB have a mw of around 80-85kDal and 
appear in the tumour protein map of Figure 2, but not in 
Figure 1. Spots 2A, 2B, 3A, 3B and 3C appear at a 
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greater intensity in the tumour cell map of Figure 2 
than in the normal cell map of Figure 1. 

Spots 1A, IB, 3A, 3B and 3C, 4A and 4B and the 
proteins thereof are useful as markers in the diagnosis 

5 of colorectal cancer, whether from samples prepared from 
epithelial cells or otherwise. Spots 2A and 2B and the 
proteins thereof can be used in conjuction with any of 
these, especially 1A and/or IB. 

Spot 1A has a pi of about 7.65 and a molecular 

10 weight on this gel of around 80-B5kD. However, such a 
high molecular weight is not at all accurately measur- 
able by gel electrophoresis. It was identified by mass 
spectroscopy as a polymeric form of manganese superoxide 
dismutase (Mn SOD). The protein was cut from prepara- 

15 tive gels, digested in trypsin and blotted onto a PVDF 
membrane. The MALDI-TOF method was used to determine 
very accurately the molecular weights of fragments. 
MALDI -TOF=Matrix-Assisted Laser Desorption Ionization 
mass spectrometry, with Time of Flight determination. 

20 See P. Jungblut et al., Electrophoresis 17, 839-847 
(1996), the disclosure of which in relation to MALDI is 
herein incorporated by reference. The time taken for 
various fragments to pass through the magnetic field is 
measured as Time of Flight. This method is so accurate 

25 that molecular weights can be matched to combinations of 
amino acids. The possible sequences of the fragments 
are then matched against a database of proteins. The 
MALDI -TOF mass spectrum for spot 1A showed 5 peaks out 
of 8, at m/z-1028.76, 1090.66, 1424.94, 1739.07 and 

30 2542.57, which matched sequences of the human MnSOD 
precursor (amino acid numbering 115 to 123, 124 to 132, 
76 to 89, 54 to 68 and 54 to 75). The human MnSOD 
precursor protein has 222 amino acids and a molecular 
weight of 24,700. From this result and considering the 

35 molecular weight of spot 1A on the gel, it has been 
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characterised as an approximately tetrameric MnSOD. 
This result was confirmed by MSMS mass spectroscopy. 

Spot IB has a pi of about 8.0 and a lower molecu- 

■ 

lar weight than 1A. It comprises an approximately 

5 tetrameric MnSOD and other polypeptide( s ) . This spot 
will require further separation into its components 
before monoclonal antibodies are raised against it . 

Spots 2A and 2B are probably variant forms 
( "isoforms" ) of monomeric superoxide dismutase (molecu- 

10 lar weight about 21,000 on the gel). Such variants 
frequently arise in 2D- PAGE, because of different de- 
grees of glycosylation (affecting the molecular weight) 
or mutations of one or two amino acids (affecting the 
charge on the molecule and therefore pi ) . 

15 Spots 3A, 3B and 3C, best seen in Figure 3, have 

pi about 7.3, 7.5 and 7.7, molecular weight about 
56,000-57,000 on the gel. These are believed to be 
variant forms of catalase, which is one of the proteins 
identified in Figure 1 . 

20 Spots 4A and 4B, Figure 2, have pi about 6.8 and 

7.6 and molecular weights about 45,000-46,000 on the 
gel. 4A is a double spot close to plasminogen-activator 
inhibitor-1 (PAI-1 in Figure 1). The proteins within 
the double spot can be resolved and purified. 4B is a 

25 spot of about the same molecular weight as 4A over- 
expressed in the tumour tissue compared with normal, 
(d) Analysis of samples from patients 

The following data relates to 39 patients (25 men, 
14 women) presenting with colorectal cancer. They were 

30 aged 57.5 to 65.1 years. 37 were diagnosed by conven- 
tional means as having adenocarcinomas, while 2 as 
having familial adenomatous polyposis. The localisation 
of the tumours was as follows: rectum = 11; left colon = 
11; right colon - 13; small bowel = 1; metastasis to 

35 liver = 3. The stage of the cancer was defined in terms 
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of the UICC (Union International Contre le Cancer) 
stages as described in UICC: TNM classification, 5th 
edition, Wiley, New York (1997). The numbers of pa- 
tients at each stage were: Stage I ■ 5; II - 14; III = 

* ■ 

5 9; IV - 11. 

Samples of normal and tumour tissue were taken 
from the same patient in as near as possible the same 
area of the organ affected. The epithelial cells of the 
sample were purified and 2D-PAGE run as described. 

10 Spots 1A and IB were used (separately) to diagnose the 
cancer. It was found that these spots gave a positive 
result in 95% of cases, while in only one case was a 
false positive given. The results are depicted by the 
box plot of Figure 4. Referring to Figure 4, the verti- 

15 cal axis represents intensity of the gel spots expressed 
as a percentage by volume of total darkness. In other 
words, it is a relative measure of intensity, valid for 
comparing the normal with the cancerous tissue. The 
plots "normal" and "cancer" are side-by-side comparisons 

20 for the spots from the respective tissues. The thin 
vertical line represents the intensities of from 5% 
(bottom) to 95% (top) of the spots, the box from 25 to 
75% and the line across the box the median (50%). There 
was just one normal sample which gave an intensity as 

25 high as 5%, as represented by the slight emboldening of 
the bottom horizontal axis. Thus, each of the spots 1A 
and IB gave a very clear distinction between positives 

and negatives. 

Figure 5 shows a similar box plot, but for 6 
30 patient samples only, relating to spots 3A, 3B and 3C. 



35 
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CLAIMS 

1. A protein present in a 2D-PAGE gel spot 1A, IB, 
3A, 3B, 3C, 4A or 4B shown in Figure 2 or Figure 3 of 
the accompanying drawings , said protein being present in 

5 epithelial cells of a tumour of the human colon or 
rectum in a greater concentration than in normal cells 
of the same location in the human colon or rectum. 

2. A protein according to Claim 1, wherein the spot 
is 1A or IB. 

10 3. A protein according to Claim 1 or 2, wherein the 
2D -PAGE gel has been prepared by extracting protein from 
purified epithelial cells of a human patient suspected 
of having colorectal cancer, followed by: 

(1) centrifuging 1000 microlitres of the protein 
15 extract at 10,000 G at room temperature for 5 minutes to 

form a pellet, dissolving the pellet in 300 microlitres 
of a solution containing 8M urea, 40% CHAPS, 40 mM Tris, 
65 mM dithioerythritol and a trace of bromophenol blue 
and loading the resulting sample solution onto 3mm wide 
20 x 180mm long strips of immobilised pH gradient (IPG) 
polyacrylamide gel having a non-linear, sigmoidal (S- 
shaped) pH gradient; 

(2) rehydrating the gel overnight with 25ml of an 
aqueous solution of 8M urea, 2% w/v CHAPS, lOmM di- 

25 thioerythritol and 2% v/v buffers of pH 3.5 to 10 and a 
trace of bromophenol blue; 

(3) loading the sample solution onto the IPG gel 
strips for first dimension electrophoresis and running 
the electrophoresis at a voltage which is increased 

30 linearly from 300 to 3500 V during 3 hours, then for 3 
additional hours at 3500 V, and finally for 17 hours at 
5000 V; 

(4) treating the IPG gel strips with 100ml of an 
aqueous solution containing 50 mM Tris-HCl, pH 6.8, 6M 

35 urea, 30% w/v glycerol, 2% w/v SDS, 2.5% v/v iodaceta- 
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mide and a trace of bromophenol blue for 5 minutes, to 
resolubilize the proteins and reduce any -S-S- bonds; 

(5) preparing a polyacrylamide gradient slab gel 160 x 
200 x 1.5mm from an aqueous solution containing 9 to 16% 

5 acrylamide monomer, 2.6% diacryloylpiperazine cross- 
linking agent , 5mM sodium thiosul fate, 0.05% tetramethy- 
lethylenediaraine, 0.1% amonium persulfate and 0.375M 
Tris-HCl buffer, pH 8.8, all percentages being w/v, 
overlayering with see-but anol for two hours, replacing 

10 the sec-butanol with water and standing for 15 hours, 
overlayering the slab gel with an aqueous solution 
containing 0.5% agarose, Tris-glycine-SDS at pH 8.3, at 
25 mM Tris, 198 mM glycine and 0.1% SDS, heated to 70°C 
and loading the IPG gel strips thereon for second dimen- 

15 sion electrophoresis; 

(6) running the second dimension electrophoresis at a 
constant 40 mA/gel and at 10 °C for 5 hours; and 

(7) silver staining the gels and scanning them with a 
laser densitometer, to give a computer-generated image 

20 of the stained gel 

4. Antibody to a protein claimed in Claim 1, 2 or 3. 

5 . Antibody according to Claim 4 which is monoclonal . 

6. A method of diagnosis of colorectal cancer, which 
comprises removing a sample of tissue from the location 

25 of a suspected solid epithelial cell tumour, and detect- 
ing in the tumour tissue a greater than normal concen- 
tration of the protein defined in Claim 1, 2 or 3. 

7. A method of diagnosis of colorectal tumours, which 
comprises removing a sample of tissue from the location 

30 of a suspected solid epithelial cell tumour, and detect- 
ing in the tumour tissue a greater concentration of the 
protein defined in Claim 2 than is present in corre- 
sponding normal cells. 

8. A method according to Claim 7 wherein the dia- 
35 gnosis comprises carrying out an immunoassay in which 
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the epithelial cells are purified and are reacted with a 
labelled antibody claimed in Claim 4 or 5, and the label 
is detected. 

9. Use of a protein present in a 2D- PAGE gel spot 1A, 
5 IB, 3A, 3B, 3C, 4A or 4B shown in Figure 2 or Figure 3 
of the accompanying drawings, said protein being present 
in epithelial cells of a tumour of the human colon or 
rectum in a greater concentration than in normal cells 
thereof, or an antibody thereto, in the diagnosis of 
10 tumours. 

10 • Use of a protein present in a 2D-PAGE gel spot 1A, 
or IB shown in Figure 2 or Figure 3 of the accompanying 
drawings, said protein being present in epithelial cells 
of a tumour of the human colon or rectum in a greater 
15 concentration than in normal cells thereof, or an anti- 
body thereto, in the diagnosis of tumours. 
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